A method for the Pd-catalyzed coupling of 2-aminothiazole derivatives with aryl bromides and triflates is described. Significantly, for this class of nucleophiles, the coupling exhibits a broad substrate scope and proceeds with a reasonable catalyst loading. Furthermore, an interesting effect of acetic acid as an additive is uncovered that facilitates catalyst activation.
postulated that a key discrepancy might be their difference in pKa values. While anilines and aminopyridines have pKa values in the 25-30 range, the pKa values of 2-aminothiazole derivatives are closer to those of amides (generally in the 15-20 range). 8 We therefore reasoned that conditions optimal for N-arylation of amides might be more effective for this class of amine nucleophiles. In fact, 2-aminothiazole could indeed be coupled to pbromoanisole in 60% yield ( 1 H NMR) using conditions reported previously by our laboratory as being optimal for the N-arylation of amides 9 (Scheme 1).
Encouraged by this result, we briefly optimized the reaction conditions. We found K 2 CO 3 to be optimal as the weak base, providing the product in higher yields than when K 3 PO 4 was used, particularly in the case of aryl bromide electrophiles. 10 Similar to our previous observations with amides, we found L1 (tBuBrettPhos) to be the ligand of choice, and that catalyst activation using the water activation protocol provided the most active catalyst, 11 resulting in complete conversion to product in 2-3 hours at 110 °C. 12 We also found that, on a 1 mmol scale, the use of 1.5 mol % Pd and a reaction concentration of 0.25 M consistently provided high yields of 2-arylaminothiazoles.
With these optimal conditions in hand we evaluated the coupling of 2-aminothiazole with a variety of aryl bromides and triflates (Scheme 2). The desired 2-arylaminothiazole products were obtained in good yields for both electron-rich (1b, 1d), electron-neutral (1a), and halogenated (1c) aryl bromides and triflates. Heterocyclic aryl triflates and bromides were also good substrates (1e, 1f). 13 Unfortunately, aryl chloride electrophiles were incompatible with these general reaction conditions, succumbing to product inhibition at various conversions. 14 Next, the generality of these conditions for the reaction of a range 2-aminothiazole-like nucleophiles was examined. Substituted 2-aminothiazoles (Scheme 3, 2a, 2b), as well as 2-aminobenzothiazole (2d) and 2-amino-1,3,4-thiadiazole (2c), could all be arylated in good yields using the same reaction conditions (although the coupling to provide 2a required a slightly longer reaction time). Furthermore, other 2-aminobenzazole-type nucleophiles such as 2-amino-1-methylbenzimidazole and 2-aminobenzoxazole also provided the corresponding N-arylated products 2e and 2f in 90% and 89% yields, respectively.
In the case of more activated, electron-deficient aryl bromides and triflates, the formation of a significant amount of phenol was observed under these reaction conditions. 14 In addition to decreasing the overall product yield, in some cases the phenol was difficult to separate from the desired product. Thus, we sought to identify a second set of coupling conditions that would effectively suppress phenol formation for activated substrates, reasoning that achieving catalyst activation under anhydrous conditions would be crucial. We found that we could suppress phenol formation by conducting the coupling at 90 °C in the presence of molecular sieves, and that a sufficiently active catalyst could be obtained by pre-heating L1 and Pd 2 dba 3 at 110 °C for 2.5 minutes prior to introduction to the substrate mixture. 15, 16 This second set of conditions was effective for a wide range of activated electrophiles, including 4-bromochlorobenzene and 5-bromopyrimidine (3f and 3g, Scheme 4). However, it should be noted that these conditions are uniquely suited to activated electrophiles; in the case of an electron-rich electrophile like 4-bromoanisole, product formation halts at 55% conversion to 2-aminoarylthiazole 1d.
We were interested in further exploring the dramatic increase in catalyst activity afforded by the water activation protocol for the coupling of 2-aminothiazoles, with the intention of potentially realizing an activation method that did not require a two-pot procedure. We originally postulated that water activation was simply the most effective means of obtaining the L1-ligated Pd(0) complex in the presence of substrates which have the potential for chelating Pd(0) and preventing ligand association, such as 2-aminothiazoles. 17 To test this hypothesis, the oxidative addition complex of Pd, L1, and a simple aryl bromide was synthesized as previously described (Figure 2, A) . 18 Since this complex should lie on the active catalytic cycle, a reaction employing the complex as the Pd source should display maximum reactivity. Surprisingly, the rate of coupling of 4-bromotoluene and 2-aminothiazole employing A as the Pd source ( Figure 2 , entry 2) was still drastically reduced as compared to the coupling which underwent the water activation protocol (Figure 2, entry  1) . We thus suspected that an additive or byproduct associated with water activation might be responsible for the increased catalyst activity, and we systematically evaluated each (the phosphine oxide of L1, acetic acid, water) 11 in the presence of the oxidative addition complex. We found that, while the presence of water or the phosphine oxide of L1 had little effect on the reaction profile (Figure 2, entries 3 and 4) , the presence of 2 mol % of acetic acid dramatically enhanced reactivity (Figure 2, entry 5) .
Having identified acetic acid as the source of increased catalyst activity, we sought to develop a one-pot procedure for the arylation of 2-aminothiazoles by adding acetic acid to the reaction mixture, along with the ligand and a Pd(0) source. We indeed found that by combining a catalytic amount of acetic acid (3 mol %) to the reaction mixture along with Pd 2 dba 3 (0.75 mol %), L1 (3.3 mol %), the substrates, base, and solvent in one pot, a reaction profile displaying activity similar to that of water activation was observed ( Figure  2 , entry 6). To test the general applicability of this one-pot protocol, a few of the 2-arylaminothiazole products from Schemes 2 and 3 were prepared, and comparable product yields were obtained (Scheme 5). The exact role of AcOH in the catalyst cycle, as well as its potential to effect other reactions catalyzed by L1-Pd complexes, is currently under investigation.
In summary, general protocols for the Pd-catalyzed N-arylation of 2-aminothiazole derivatives with aryl triflates and bromides have been developed. Notably, through the use of L1 and proper catalyst activation, even electronrich aryl halide electrophiles can be coupled with 2-aminothiazoles with unprecedented efficiency. We expect this coupling method to find widespread use in the development of novel therapeutics.
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Scheme 2.
Scope of 2-Aminothiazole Couplinga a Reaction conditions: ArX (1.0 mmol), 2-aminothiazole (1.0 mmol), Pd(OAc)2 (1.5 mol %), L1 (3.3 mol %), K 2 CO 3 (1.4 mmol), t-BuOH (4 mL/mmol), 110 °C, 3 h; isolated yields, average of two runs.
Scheme 3.
Scope of 2-Aminothiazole Nucleophilesa a Reaction conditions: ArX (1.0 mmol), 2-aminoazole (1.0 mmol), Pd(OAc) 2 (1.5 mol %), L1 (3.3 mol %), K 2 CO 3 (1.4 mmol), t-BuOH (4 mL/mmol), 110 °C, 3 h; isolated yields, average of two runs. b 5 h reaction time.
